Assessment of Dietary Protein Intake
The ARIC study assessed protein intake using an interviewer-administered, 66-item food frequency questionnaire (FFQ) adapted from the 61-item FFQ developed by Willett et al. 11 The FFQ was administered to all participants at visit 1 (baseline, 1987-1989) and at visit 3 (1993-1995) . The residual method was applied to adjust for total energy intake. 12 For determining dietary intake, we divided participants into quintiles of cumulative average intake of various protein sources. Cumulative updating of the FFQ (ie, visit 1 FFQ for follow-up between visit 1 and visit 3 and the average of visits 1 and 3 FFQ afterward for those who attended both examinations, or visit 1 FFQ for those who did not attend visit 3) was used to reduce within-person variation and best represent long-term dietary behavior. 13 
Assessment of Stroke Events
The primary end point for this study was stroke (definite or probable ischemic or hemorrhagic) after the completion of the first FFQ (between 1987 and 1989). The ARIC study identified incident stroke cases through hospital discharge codes and stroke deaths. [14] [15] [16] Physician reviewers adjudicated all possible strokes and classified them as definite or probable ischemic or hemorrhagic events based on information abstracted from the medical record. [14] [15] [16] Follow-up for stroke events was available until December 31, 2011.
Brain Magnetic Resonance Imaging and Subclinical Cerebral Infarcts
A subset of ARIC study participants (ARIC Brain MRI study), who were 55 years or older, were invited for a brain magnetic resonance imaging (MRI) during visit 3 (1993-1995) and a second brain MRI examination which took place in 2004 to 2006. 17, 18 Brain MRIs were performed using 1.5T scanners, and contiguous axial images of 5 mm thick were obtained. 17, 18 Interpretation was done at the ARIC MRI Reading Center. SCIs were defined as focal, nonmass lesions ≥3 mm that were bright on T2 and proton density and dark on T1 images. Further details of the MRI scanning protocol have been described previously. 17, 18 A total of 1945 participants successfully underwent brain MRI at visit 3, 1812 of whom had scans of sufficient quality. A total of 906 participants (60.6% women and 48.3% blacks) received MRI both at visit 3 and from 2004 to 2006. For this analysis, we examined incident SCIs in participants without evidence of SCIs or stroke history at visit 3. Our final study population consisted of 653 individuals.
Measurement of Participant Characteristics
Height, weight, and waist circumference were measured following a standardized protocol. 10, 19 Data on smoking, ethanol intake, education, intake of antihypertensive, or lipid-lowering medication were derived from standardized questionnaires. 10 ARIC participants underwent fasting venipuncture at each examination. 10 Sports-related physical activity and leisure-related physical activity were assessed with the use of Baecke's questionnaire and scoring systems. 20 Depressive symptoms were assessed using a 21-item questionnaire on vital exhaustion developed by Appels et al. 21 Diabetes mellitus was defined as current use of glucose-lowering medications, fasting blood glucose ≥126 mg/dL, nonfasting blood glucose ≥200 mg/dL, or self-reported history of diabetes mellitus. Hypertension was defined based on the average of the last 2 of 3 blood pressure readings, as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg.
Statistical Analysis
To assess the association of total, animal, and vegetable protein intake with incidence of stroke and SCIs, we calculated incidence rates of stroke events per 1000 person-years as the number of diagnosed cases occurring during the entire follow-up period divided by person-years of follow-up. Follow-up time was defined as time from the baseline examination to the earliest of the first event, death, lost to follow-up, or December 31, 2011. Multivariable Cox proportional hazards regression models were used to calculate the hazard ratios (HR) and 95% confidence interval (CI) of total, ischemic, and hemorrhagic stroke by quintiles of the dietary exposure, using the lowest quintile as the reference. Similarly, logistic regression was used to calculate odds ratio and 95% CI of incident SCI by quartiles of protein intake. An initial model adjusted for age, race, sex, ARIC study center, and total energy intake (minimally adjusted model, model 1). A second model additionally adjusted for smoking (current, former, and never), pack-years of smoking, education (less than high school, high school, and more than high school), systolic blood pressure (mm Hg), use of antihypertensive medication, high-density lipoprotein cholesterol (mmol/L), total cholesterol (mmol/L), use of lipid lowering medication, body mass index (kg/m 2 ), waist/hip ratio, alcohol intake (g/wk), Baecke's physical activity score, leisure-related physical activity, carbohydrate intake (quintiles), fiber intake (quintiles), dietary fat (quintiles), and magnesium intake (quintiles) (fully adjusted model, model 2). Median protein intake of each quintile (g/d) was modeled as a continuous variable to test for linear trend. Tests of the proportional hazards assumption were evaluated through the examination of an interaction term between each protein variable and follow-up time along with the inspection of log-negative log survival curves; no violations from the assumption were observed. All statistical tests were 2-tailed. Data were analyzed with SAS 9.3 (SAS Corp, Cary, NC).
Results
Baseline characteristics of the study participants according to quintiles of total protein intake are shown in Table 1 . Compared with participants with high protein consumption, individuals with low protein consumption were more likely to be black, to be a current smoker, and less likely to have graduated from high school or to be less physically active. Participants with low protein intake were more likely to have a lower BMI and a higher systolic blood pressure; they were less likely to be using lipid-lowering medication, consumed more carbohydrates and alcohol but less fiber. Across dietary protein quintiles, we found no differences in age, sex, energy intake, blood lipids, or prevalence of hypertension. During a median follow-up of 22.7 years, there were 699 total stroke events among 11 601 participants. When analyzing the association of dietary protein type with stroke incidence, neither total protein intake nor animal protein consumption was significantly related to total stroke events (Table 2) or hemorrhagic or ischemic stroke incidents (Table I in the online-only Data Supplement). In the minimally adjusted model, higher intake of vegetable sources of protein was significantly associated with a 21% reduced risk of incident stroke (HR Q5 versus Q1 , 0.79; 95% CI, 0.61-1.00; P trend =0.03; Table 2 ). However, this association was no longer significant in the fully adjusted model (Table  2 ) and according to stroke subtypes (Table I in the onlineonly Data Supplement). Results were essentially the same once we accounted for depressive symptoms (Table II in the online-only Data Supplement) and once we included animal and vegetable protein simultaneously in the model (data not shown).
In detailed food group analyses of major dietary protein sources (Table 3 ), higher intake of processed meat and red meat was significantly associated with an increased risk of total stroke (HR Q5 versus Q1 , 1.24; 95% CI, 0.94-1.63; P trend =0.04 for processed meat; HR Q5 versus Q1 , 1.41; 95% CI, 1.04-1.92; P trend =0.01 for red meat). Low-fat dairy and egg consumption were associated with a decreased risk of stroke in the minimally adjusted model, but these associations were attenuated and became insignificant after full adjustment for potential confounders. In stroke subtype analyses (Table III in the online-only Data Supplement), among dietary protein sources higher egg consumption was found to be associated with risk of hemorrhagic stroke (HR Q5 versus Q1 , 1.41; 95% CI, 0.77-2.57; P trend =0.02), whereas only red meat consumption was related to ischemic stroke events (HR Q5 versus Q1 , 1.47; 95% CI, 1.06-2.05; P trend =0.01). When we investigated the association of major dietary protein sources with stroke incidence by sex (Table IV in the online-only Data Supplement), we found (Table 4) . In food group analyses (Table V in the online-only Data Supplement), nuts and low-fat dairy consumption were significantly associated with decreased risk of SCIs after minimal adjustment, but none of these associations remained significant after fully accounting for confounding factors. Poultry intake was not associated with incident SCIs after minimally adjusting, but became significant after fully adjusting for confounding factors (odds ratio Q4 , 1.93; 95% CI, 1.02-3.67; P trend =0.05).
Discussion
In a large community-based study population, we did not find dietary protein type but more specific protein sources, such as red meat and processed meat, to be associated with an increased risk of total stroke events. This elevation of risk was mainly driven by an association of red meat intake with ischemic stroke cases. Neither dietary protein type nor protein sources were associated with SCIs.
Most recently, a large meta-analysis suggested that moderate dietary protein intake in particular of animal origin was associated with a lower risk of stroke events, but this risk may differ by the specific protein source consumed. 2 To this point, the largest and most comprehensive investigation to examine an association between protein intake and stroke was undertaken using data from the Nurses' Health Study and Health Professionals Follow-up Study. 3 Higher intake of red meat was associated with an elevated risk for stroke, whereas higher intake of poultry was associated with a lower risk. Similarly, in Swedish men and women, higher intake of red and processed meat products was found to be associated with ischemic infarcts. 4, 5 Our data support the notion that high consumption of red and processed meat products does significantly affect stroke risk in a general Western community setting. Other major dietary protein sources, such as fish, low-fat dairy, and nut consumption, have been inversely associated with stroke risk in previous reports, [22] [23] [24] [25] whereas dietary legumes or egg ARIC indicates Atherosclerosis Risk in Communities Study; CI, confidence interval; and HR, hazard ratio. *Adjusted for age, sex, race, study center, and total energy intake. †Adjusted for age, sex, race, study center, total energy intake, smoking, cigarette years, education, systolic blood pressure, use of antihypertensive medication, high-density lipoprotein cholesterol, total cholesterol, use of lipid lowering medication, body mass index, waist/hip ratio, alcohol intake, sports-related physical activity, leisure-related physical activity, carbohydrate intake, fiber intake, fat intake, and magnesium intake. intake were not found to be related to stroke risk. 22, 23, 26, 27 In our cohort, we did observe a decreased stroke risk with low-fat dairy consumption, whereas egg consumption seemed to increase stroke risk, but none of these findings remained significant after full adjustment for confounding variables. The increased risk of hemorrhagic stroke associated with higher egg consumption in subgroup analyses contradicts previous analysis and warrants further studies because this subgroup finding was based on a rather small number of events. 27 SCIs do not cause acute symptoms and are clinically unrecognized. Nonetheless, these abnormalities are not benign, seem more common with advancing age, and are associated with a future risk of stroke. 6, 28 In our middle-aged population ≈20% of participants developed SCIs over a 10-year period. We did not observe any association between dietary protein type and SCIs. Among protein sources, dietary fish with higher dietary eicosapentaenoic and docosahexaenoic acid content has been reported to be associated with lower incidence of SCIs. 9 Our results indeed suggest that higher fish, nuts, or low-fat dairy consumption tends to be associated with lower risk of SCIs. However, these findings have to be interpreted with caution as the number of SCIs was small, and individual results may be spurious.
Mechanisms that explain varying associations of dietary protein sources with stroke risk are numerous. Most importantly, processed meat is known to contain a high sodium amount, which is strongly correlated with incident hypertension. 29, 30 Heme iron intake and serum ferritin concentrations were found to be associated with an increased risk of stroke. 31, 32 The potential adverse effect of heme iron may be attributed to its pro-oxidative properties, whereas serum ferritin levels may further indicate a proinflammatory environment.
The strengths of our analysis include the study of a large biracial, community-based prospective cohort and the long follow-up with structured assessment of dietary intake, covariates, and adjudicated outcome events. 13, 33 Nonetheless, there are several limitations. Our dietary data assessment may misclassify diet as protein intake was only assessed at 2 time points and changing dietary habits over time may not have been covered adequately by our FFQs. Conversely, significant behavioral dietary changes are unlikely to occur in the overall population. 34, 35 Residual and unmeasured confounding could be partly responsible for the results, although we adjusted our analyses for a wide range of confounding factors. Finally, intake of certain food groups, such as fish, and the number of hemorrhagic stroke events were low, which may limit our analyses.
In conclusion, using a large community-based cohort study, we found neither total nor animal or vegetable protein to be associated with stroke incidence. In detailed food group analyses of major protein sources, red meat consumption was related to an increased risk of ischemic stroke events. No association between dietary protein intake and SCIs was found. †Adjusted for age, sex, race, study center, total energy intake, smoking, cigarette years, education, systolic blood pressure, use of antihypertensive medication, highdensity lipoprotein cholesterol, total cholesterol, use of lipid lowering medication, body mass index, waist-to-hip ratio, alcohol intake, sports-related physical activity, leisure-related physical activity, carbohydrate intake, fiber intake, fat intake, and magnesium intake. *adjusted for age, sex, race, study center, and total energy intake ** adjusted for age, sex, race, study center, total energy intake, smoking, cigarette years, education, systolic blood pressure, use of antihypertensive medication, HDLc, total cholesterol, use of lipid lowering medication, body mass index, waist-to-hip ratio, alcohol intake, sports-related physical activity, leisure-related physical activity, carbohydrate intake, fiber intake, fat intake and magnesium intake
